Abstract: This paper analyses futures prices of four energy commodities (crude oil, heating oil, gasoline and natural gas) and five agricultural commodities (corn, oats, soybean oil, soybeans and wheat), over the period 1986-2010. Using DCC multivariate GARCH models, it provides new evidence on four research questions: 1) Are macroeconomic factors relevant in explaining returns of energy and non-energy commodities? 2) Is financial speculation significantly related to returns in futures markets? 3) Are there significant relationships among returns, either in their mean or variance, across different markets? 4) Is speculation in one market affecting returns in other markets? Results suggest that the S&P 500 index and the exchange rate significantly affect returns. Financial speculation, proxied by Working's T index, is poorly significant in modelling returns of commodities. Moreover, spillovers between commodities are present and the conditional correlations among energy and agricultural commodities display a spike around 2008. JEL Codes: C32; G13; Q11; Q43.
Introduction
The last decades have witnessed a number of changes in commodities futures markets. The oil market has continuously grown, becoming the world's biggest commodity market and turning from a primarily physical product activity into a sophisticated financial market (Chang et al. 2011) . The increasing presence of hedgers, as well as speculators, has led to allegations that speculation drives crude oil prices, and speculators, index funds and hedge funds have been responsible for the increase in energy and food prices from 2004 onwards (Masters 2008) . The literature however has provided, so far, little empirical evidence in support of this claim.
Speculators have historically been present in non-energy commodities futures markets as well: it is therefore reasonable, while testing the role of speculators and any possible impact on commodities' returns, to extend the analysis to both energy and non-energy commodities.
Moreover, the common behaviour displayed by energy and non-energy commodities prices in recent times, characterized by a steep rise around year 2008 which has been followed by a sharp decrease during the "great recession", has posed the question of the linkage between these markets, and the spillovers that may be present. This paper contributes to the existing literature by shedding some light on several compelling issues. More precisely, it focusses on four research questions. First, are macroeconomic factors relevant in explaining returns of energy and non-energy commodities? Second, is financial speculation significantly related to returns in futures markets? Third, are there significant relationships among returns, either in their mean or variance, across different markets? Finally, is speculation in one market affecting returns in other markets? Or, in other words, are there spillovers across markets in speculation?
Our empirical exercise considers weekly data over the time period 1986:3 to 2010:52. We collect data on returns of four energy commodities (gasoline, heating oil, natural gas and crude oil) and four non-energy commodities (corn, oats, soybeans and wheat). Additionally, we include in our analysis a biofuel, soybean oil, to investigate if the relationship among the latter and energy commodities is stronger than what can be found between energy and food commodities. We consider a generalized autoregressive conditional heteroskedasticity (GARCH) model to estimate commodities' returns: we first discuss an univariate analysis, where returns are explained by macroeconomic variables and a measure of speculation. Then, we present multivariate GARCH models to investigate the presence of spillovers across commodities.
Our results suggest that macroeconomic variables are relevant in explaining commodities' returns, more precisely the Standard & Poor's (S&P) 500 index has a positive and significant coefficient, while the multilateral exchange rate has a negative effect, as expected. As concerns the second research question, we observe that speculation, measured by the Working's T index, does not seem to significantly affect returns. As for the third issue, we observe that returns of other commodities are generally not significant in the mean equations (with the exception of natural gas and crude oil in the returns of other energy commodities). We find however that the dynamic conditional correlations among commodities are time varying and higher in recent years. Interestingly, correlations between soybean oil and energy commodities, as well as correlations between agricultural commodities and a factor of energy ones, present a spike around 2008. Finally, as speculation is generally poorly significant, we do not detect a relevant impact on other markets' returns.
The remainder of this paper is structured as follows. Section 2 discusses the debate on the impact of speculation in futures markets and the presence of spillovers across commodities. Section 3 presents the data and some descriptive statistics. Section 4 describes the econometric model while Section 5 presents the results. Finally, Section 6 concludes.
Literature review
Some commentators (Frankel 2008a , Mitchell 2008 , Verleger 2009 , Smith 2009 ) suggest that the causes of price increases have to be identified in economic fundamentals as low interest rates in the USA, which forced to look for other investment opportunities. Another factor is the rapid economic growth worldwide, especially in China and India, which has been accompanied by growing demand for food commodities. Instability among oil producers, especially in the Middle East, and therefore uncertainty in the supply of oil has to be accounted for as well. Finally, misguided ethanol subsidies have increased biofuel production and might have affected prices. Baffes and Haniotis (2010) add to the latter argument claiming that the future path of commodities prices is uncertain due to the strict relationship between energy and non-energy prices. In particular, this relationship has increased considerably in the recent boom, indicating that events and policy changes happening in one market affect other markets. Gilbert (2010) finds that, in the last years, oil prices have had more influence on food ones. He claims however that this is the result of common causation rather than of a direct causal link.
More recently, several researchers and analysts suggested that the increasing presence of speculators in commodity future markets could explain the spike in prices in the 2007 period (see, among many, Eckaus 2008 , Masters 2008 , Soros 2008 . Indeed, Medlock III and Jaffe (2009) show that non-commercial agents in 2009 represented about 50% of total open interest in the oil market, compared to about 20% prior to 2002. Moreover, the open interest held by speculators moved from a lagging indicator of price to a leading indicator around January 2006, suggesting a possible cause in oil prices increase. Khan (2009) argues that speculation played a role as the price of crude oil and the price of gold, which used to move together until 2000, display a gap from 2002 onwards. Robles et al. (2009) find some evidence that speculative activity Granger-causes current commodity prices of wheat, maize, soybeans and rice. Du et al. (2011) show that scalping and speculation affect positively crude oil price volatility. Moreover, after 2006, they find that the oil price shock has triggered price changes in corn and wheat markets, potentially because of an increase in ethanol production.
Other authors instead do not find a statistically significant relationship between commodity prices and index funds, which are held responsible for speculation. Index Investment Data (IID) have been made available by CFTC from December 2007. Using these data Irwin and Sanders (2012) find little evidence that IID positions influence returns or volatility in 19 commodity futures markets.
Authors interested in analysing the previous period proxied index funds activity using data on swap dealers. Empirical tests provide no evidence that position changes by any trader group influence price changes in both energy and non-energy commodities futures markets (Brunetti and Büyükşahin 2009 , Stoll and Whaley 2010 , Büyükşahin and Harris 2011 , Bastianin et al. 2012 ). Sanders et al. (2010) study agricultural futures markets over the period 1995-2008 and show that the Working's T (1960) index, traditionally adopted to measure excess speculation (see Section 3 for a formal definition), has remained stable or below historical levels in recent years. However, they suggest that this result might be due to the nature of the index itself: the recent rise in long speculative positions has been paralleled by an increase in short hedging, thus implying an overall decrease in the Working's T index. Till (2009) reaches the same conclusion for oil futures market over the period 2006-2009. Other authors suggest that the crude oil price spike and collapse in 2007-08, while being mainly driven by increasing world demand, can not be explained by macroeconomic factors only and suggest that speculation played a role (Kaufmann and Ulman 2009, Kaufmann 2011) . We follow this approach, and in the subsequent econometric analysis we investigate the role of macroeconomic variables and speculation on futures' returns.
The asset pricing literature provides empirical evidence of the ability of few macroeconomic variables to forecast returns on commodities futures. The first is the return on the 90-day Treasury bill, which represents the short-term discount rate free of a risk premium. The T-bill tends to be lower during economic recessions and higher during periods of growth. Thus, it is expected to be negatively correlated with real economic output growth. A negative relationship between real commodity prices and real interest rates has been confirmed empirically (Frankel 2008b) . The second variable is the equity dividend yield: futures commodity prices are expected to reflect the systemic risk embedded within the evolution of stock market conditions (Chevallier 2009) . A third variable is the "junk bond premium", which is the premium on long-term corporate bonds rated BAA by Moody's over the AAA rated ones. This difference represents the monetary compensation for risk. Recent works on petroleum futures returns and carbon futures returns (Sadorsky 2002 , Chevallier 2009 ) find however that these macroeconomic risk variables are poorly significant.
Finally, exchange rates are thought to be closely related to commodities futures prices, although the direction of the causality among these variables is still debated. Indeed, Chen et al. (2010) show that exchange rates have robust forecasting power over global commodity prices and that commodity prices Granger-cause exchange rates in-sample.
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Another issue we tackle with the present econometric exercise is the relationship among commodities prices and price changes. The literature has largely debated on this. Several authors find cointegration among commodity prices (see among many Malliaris and Urrutia 1996 , Chaudhuri 2001 , Natanelov et al. 2011 ). Pindyck and Rotemberg (1990) analyze monthly returns of 7 commodities (wheat, cotton, copper, gold, crude oil, lumber and cocoa) from 1960 to 1985. The commodities are chosen to be neither substitutes nor complements, neither co-produced and neither inputs for others' production and they are thus expected to be uncorrelated. However, the authors find that the residuals of a regression of these commodities' prices on macroeconomic variables are highly correlated, meaning that prices move together even after accounting for a set of macroeconomic variables. This "excess comovement" is possibly explained by the so called "herd" behaviour of financial traders.
Subsequently, several papers have challenged the excess co-movement hypothesis (Leybourne et al. 1994 , Deb et al. 1996 , Ai et al. 2006 ).
More recently the literature has concentrated on possible linkages between energy and non-energy commodities. Indeed, crude oil is an important input in agricultural production, either in the form of diesel, fertilizers or pesticides. Baffes (2007) measures the effect of crude oil prices on the prices of 35 internationally traded primary commodities for the 1960-2005 period, finding that the passthrough of crude oil price changes to the overall non-energy commodity index is 0.16: a 10% increase in the price of crude oil brings a 1.6% increase in the non-energy commodity prices.
Extending the sample up to Baffes (2010 finds that a 10% increase in energy prices brings a 2.8% increase in non-energy prices, suggesting that the 2008 financial crisis has strengthened the relationship between energy and non-energy prices.
Researchers have focussed recently also on a specific class of commodities, biofules, and on the possible linkages between biofuels and other food commodities. Natanelov et al. (2011) show a lack of cointegration between corn and crude oil price between mid 2004 and July 2006, which is due to policy interventions on biofules. However, after surpassing a certain threshold in crude oil price the two series are cointegrated. Ciaian and Kancs (2011) show that the interdependencies among crude oil and agricultural commodities (included corn and soybean) are increasing over time, while Du and McPhail (2012) find that after 2008 ethanol, gasoline, and corn prices are more closely linked.
Data description
We collect data on futures prices for four energy commodities (light sweet crude oil, heating oil, gasoline and natural gas) and five agricultural commodities (corn, oats, soybean oil, soybeans and wheat 4 Commercial agents are also active in the spot market. In this category CFTC includes producers, merchants, processors and users, i.e. who use futures markets to manage or hedge risks associated with the physical activity of commodities, and swap dealers, i.e. all the agents who use these markets to manage or hedge the risk associated with swap transactions. 5 Non-commercial agents are in futures markets to make profits from selling and buying futures contracts. In this category CFTC includes money managers, i.e. a category which includes a registered commodity trading advisor (CTA), a registered commodity pool operator (CPO) or an unregistered fund identified by CFTC, and other reportables, i.e. any trader that is not identified in the previous categories. 6 From January 1986 to September 1992 CFTC reports data with bi-monthly frequency. Missing data are replaced by the average between the previous and the following observation. As a robustness check, we estimate the models in the period running from September 1992 to December 2010. Results are unaffected. These estimates are reported in the statistical appendix, available from the authors upon request.
The data collected allow to calculate the Working's T index, which is a measure of speculative activity that proxies the excess of speculation relative to hedging activity. This index is calculated as the ratio of non-commercial positions to total commercial positions: 
where SS is speculation short, SL is speculation long, HS is hedging short and HL is hedging long.
It should be noted that the calculation of the Working's T index crucially depends on the classification of the market operators between hedgers and speculators. CFTC also provides data for "Non Reportable" agents, 7 which are not classified into any of the two categories. However, open
interest held by these subjects should be included in the computation of the index. Several rules to treat them are at hand. One could consider them as being all hedgers or, more likely, all speculators.
Indeed, hedgers are generally known by CFTC and are less likely to be among non reportables. We follow an intermediate approach, assuming that 70% of them are speculators and 30% are hedgers.
However, we calculate the speculation index also in the two "extreme" hypotheses and perform the econometric exercise with these variables. Descriptive statistics of the variables are reported in Table 1 . Futures prices and macroeconomic variables contain a unit root, as the Augmented Dickey-Fuller (ADF) test statistics does not reject the null hypothesis for almost all series in the dataset. Therefore, for each commodity we consider 7 CFTC defines this category as follows: "The long and short open interest shown as "Non Reportable Positions" is derived by subtracting total long and short "Reportable Positions" from the total open interest. Accordingly, for "Non Reportable Positions", the number of traders involved and the commercial/non-commercial classification of each trader are unknown." (see http://www.cftc.gov/MarketReports/CommitmentsofTraders/ExplanatoryNotes/index.htm) Notice that threshold levels for non-reportables have changed over time. As long as non-reportables are included in the computation of the Working's T index and our results using different rules to attribute non-reportables (see more infra) to the different trading categories are robust, we might expect that the change in thresholds does not impair our results. 8 Results are similar using alternative definitions of the Working's T index. They can be found in the statistical appendix available from the authors upon request. 9 The trade weighted exchange index is defined as a weighted average of the foreign exchange value of the U.S. dollar against a subset of the broad index currencies that circulate widely outside the country of issue. Major currency index includes the Euro Area, Canada, Japan, United Kingdom, Switzerland, Australia, and Sweden. According to this definition, a decrease of the index corresponds to a depreciation of the U.S. dollar. the return it r , which is defined as ) / log(
, where it P and 1 − it P are the prices of commodity i at weeks t and t-1, respectively. This transformation allows to obtain stationarity, as shown in the second panel of Table 1 .
The third panel shows that Working's T index ranges from mean values of 10.5% (in gasoline) to 26.8% (in soybeans) and, in the entire sample, it reaches maximum values of around more than 50% (in natural gas and oats). The index is stationary in levels and therefore is not transformed.
However, the long time span considered in our sample may, on average, conceal the role of speculation in recent times. We report summary statistics for two different periods Table 2 suggest that these differences are statistically significant.
The contemporaneous rise in agricultural and energy prices poses the question of the linkages between these markets and the spillovers that may take place: preliminary evidence is provided by the correlations between the variables employed in the estimation. 11 The highest correlations are those between returns of energy commodities (generally higher that 0.7), while soybean oil, notwithstanding its widespread use as fuel, is poorly correlated with them. Correlations between returns and Working's T indexes are in almost all cases not significant, suggesting that the relationship linking these variables is weak and anticipating the result found in the econometric analysis that speculation is not relevant in explaining futures returns. Correlations between speculation indexes are generally not large and mixed in sign.
The econometric specification
We aim at modelling the returns of commodities' futures prices. As a preliminary step, we test for stationarity of all the series, and take the log difference if necessary (see Table 1 ). 
where the dependent variable is the return in commodity market i at time t. The macroeconomic context is summarized by the returns of 3-month treasury bills (int_rate t ), the junk bond yield, the returns of the S&P 500 index (S&P t ) and the exchange rate between U.S. dollar and other currencies, and the speculation present in markets, represented by the Working's T (WT it ) for the market i at time t. We consider nine markets and the time period spans from 1986:3 to 2010:52.
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We first estimate the model with ordinary least squares (OLS) and test for autoregressive conditional heteroskedasticity (ARCH) effects in the residuals. If such effects are present, we revert to a generalized conditional heteroskedasticity (GARCH) model. If the GARCH term is statistically significant, we opt for a GARCH(1,1) model, controlling that the second moment and log moment conditions are respected. We also test for autocorrelation in the residuals and include an auto regressive term if necessary.
As will be shown in the next section, the GARCH(1,1) model with an AR (1) and the conditional variance is defined as:
where the variance 2 it σ of the regression model's disturbances is a linear function of lagged values of the squared regression disturbances and of its past value: p defines the order of the ARCH term, and q of the GARCH term. In the econometric exercise, we estimate a model where p=q=1.
The univariate analysis is however limited in its scope: the common trend in futures prices suggests that a multivariate approach should be implemented to investigate the presence of spillovers, both in the mean and in the variance equation. Indeed, a multivariate-GARCH model captures the effects on current volatility of own innovation and lagged volatility shock originated in a given market, as 12 For heating oil data are available from 1986:22, for natural gas from 1990:14.
well as cross innovation and volatility spillovers from other futures markets. This allows to better understand volatility, as well as volatility persistence, in interconnected markets.
A general multivariate GARCH model is defined as: 
(again we present the results specifying p=q=1) and R t is defined as: λ are the two parameters that determine the dynamics of conditional quasicorrelations. They are both non-negative, and they must satisfy the condition 1 0
Q is stationary, the R matrix is a weighted average of the unconditional covariance matrix of the standardized residuals t ε and the unconditional mean of t Q . As the two matrices are different, the R matrix is neither the unconditional correlation matrix, nor the unconditional mean of t Q . As a consequence, the parameters in R are known as quasicorrelations (Engle 2009 ).
As i =1,…,9 we would ideally consider a multivariate GARCH model where m = 9. While the constant conditional correlation assumption allows to estimate large systems as it reduces the number of parameters to be estimated, several studies on crude oil returns have shown that this hypothesis is unrealistic as conditional correlations are generally found to be time varying (Lanza et al. 2006 , Chang et al. 2009 ). Indeed, as will be shown in the next section, this hypothesis does not fit our data, both in energy and agricultural markets. Therefore, we present the results obtained with the dynamic conditional correlation (DCC) model, which drops the latter assumption. A minor shortcoming of this model is that the complexity involved, in terms of number of coefficients to be estimated, might imply some problems in the maximization of the likelihood function.
As a consequence, we present our results dividing the commodities into two subgroups. In the first one, labelled "fuels", we include the four energy commodities and the soybean oil: in this way, we are able to investigate possible spillovers between energy markets and a biofuel. The second one includes the five agricultural commodities: this allows to test the presence of spillovers between food commodities and a biofuel, as discussed in the literature.
13
Several authors suggest that spillovers might be present between energy and agricultural markets as well (Mitchell 2008 , Baffes 2007 , Du et al. 2011 , Baffes and Haniotis 2010 . To test this hypothesis, we extend the second system of equations (i.e. "agricultural" commodities) by including a sixth endogenous variable. We could include returns in crude oil market to investigate if and how energy markets influence agricultural commodities. It has been highlighted however that other energy commodities are relevant in the formation of agricultural prices. For example, natural gas is the basis for nitrogen fertilizer production. As a consequence, we prefer to summarize dynamics in energy futures markets by means of a principal factor analysis. Notice that the factor is constructed using information contained in the four purely "energy" commodities, i.e. not including soybean oil.
As a consequence, the latter system allows to separately consider the spillover between energy markets, a biofuel and food commodities.
Results
Estimation results for the univariate specification are shown in Table 3 . For all the commodities, the Lagrange multiplier test for ARCH effects indicates the presence of ARCH effects in the residuals of the OLS estimate of the model. Thus, we move to a GARCH(1,1) specification. Additionally, the Ljung-Box test (not reported) on the GARCH(1,1) model shows that the residuals contain autocorrelation up to order 1. However, introducing an AR(1) term in the models eliminates autocorrelation of the residuals, as shown by the Ljung-Box test reported.
The speculation index is negative or not significant. This result contrasts with claims that speculation has affected returns in a positive way. A negative sign implies that an increase in excess speculations corresponds to a decrease in returns.
As for the macroeconomic controls, we observe that the S&P 500 index is positive and generally significant, and that the exchange rate is negative and generally significant, suggesting that a depreciation of U.S. dollar compared to other currencies increases futures prices and is thus correlated with positive returns. As expected, the ARCH (α ) and GARCH ( β ) terms are always statistically significant: the ARCH estimates are generally small (between 0.072 for soybean oil and 0.173 for soybeans) and the GARCH estimates are generally high and close to one (between 0.741 for heating oil and 0.892 for wheat). This indicates a near long memory process: a shock in the volatility series impacts on futures volatility over a long horizon. 14 Notice that our results are robust to alternative econometric specifications, such as GARCH-in-mean, exponential GARCH and
threshold GARCH.
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To analyze the spillovers between different commodities and the linkages between different futures markets we move to a system where the returns are jointly estimated, allowing for conditional variances. Additionally, we can check if the speculation index of one commodity influences returns of other ones.
Starting from a GARCH(1,1)-AR(1) specification that is supported for all commodities in the univariate case, we consider a DCC multivariate GARCH. This model is preferred to the CCC specification, as the conditional correlations obtained are clearly not constant over time (more infra). 16 In each equation the returns of each commodity are regressed on the macroeconomics controls, on the lagged dependent variable 17 and on the lagged returns of the other commodities.
Finally, we include among the regressors the own speculative index as well as the Working's T of all the other commodities, to investigate if speculation in one market is significant in other markets.
The results for the group of "fuels" commodities are presented in Tables 4.a and 4.b. Table 4 .a reports the results for the mean and variance equations. Among macroeconomic variables, the S&P index is always positive and significant and the exchange rate is generally negative and significant.
We observe, with the exception of gasoline and heating oil, that lagged values of the dependent variable are positive and significant, suggesting persistence in returns. Moreover, lagged returns in crude oil and natural gas positively affect returns of the other commodities. The estimates suggest 14 As 1 < + β α for all commodities, the second moment and log-moment conditions are satisfied in all markets, and this is a sufficient condition for consistency and asymptotic normality of the QMLE estimator (McAleer at al. 2007 ). 15 A summary of results using alternative specifications is available in the statistical appendix. 16 The results obtained with a CCC specification for the mean equation are very similar to the DCC ones. Therefore, they are not reported but are available in the statistical appendix. 17 We include only one lag as the univariate case supports an AR(1) model. that speculation is widely not significant: the Working's T index in own market is generally negative, confirming the results obtained in the univariate analysis. The ARCH (α ) and GARCH ( β ) terms are always positive and statistically significant and their sum is smaller than one. Again, the ARCH estimates are small and the GARCH estimates are generally high, confirming the presence of a near long memory process. We estimate the models assuming a multivariate Student's T distribution for the error terms. The degrees of freedom of the distribution are estimated and reported at the bottom of Table 4 exclusively the Working's T indexes for corn and soybean oil are significant and negative.
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The conditional correlations implied by the DCC model reported in Table 5 .b are generally high.
Contrary to the "fuels" DCC, we do not observe marked peaks in recent times. The minimum values of the correlations are, within this group, always positive, meaning that the substitution in risk is absent in these futures markets.
Finally, we discuss the results for the extended group, which includes agricultural commodities and a factor summarizing the four energy variables, which has been obtained using the principal factor 18 For the full set of dynamic conditional correlation plots refer to the statistical appendix. 19 These values are on average slightly smaller than the correlations obtained in the CCC model which are reported in the statistical appendix 20 Notice that results for this group are on a longer time span relative to the "fuels" group. Results on the same interval are unchanged and are reported in the statistical appendix.
method to analyze the correlation matrix among the returns of the four energy commodities. Results reported in Tables 6.a-6.b confirm previous evidence concerning the five agricultural commodities.
However, we observe no evident spillover in the mean equation among food commodities, a biofuel and the energy factor.
The dynamic conditional correlations, reported in Table 6 .b, are generally positive. Interestingly, the correlations between the energy factor and the other commodities are mainly low, with the highest value being the correlation with soybean oil (0.143). Figure 1 reports the dynamic conditional correlations, and shows that, while being on average small, the conditional correlations with the energy factor display a peak around year 2008. The descriptive statistics reported in Table   6 .b show that negative values exist only when considering correlations with the energy factor:
negative correlations indicate that high volatility values in the energy markets correspond to low volatility levels in the markets for agricultural commodities.
Sensitivity over time
Our sample has a long time span, so it is interesting to see if spillover effects in the volatility of commodity returns become more marked in recent years. This is shown in Table 7 .a, where are This result confirms the increasing interaction between markets, especially when biofuels are considered. Table 7 .b shows that, also for the "agriculture" group, mean values have increased after
2004, but, this time, the increase is less sharp and the relationship with biofuels is less marked.
Finally, Table 7 .c confirms that, also in this last group, mean values of dynamic conditional correlations between agricultural commodities and the energy factor are more than doubled after
2004.
We investigate if there are changes in mean equations before and after 2004 in the results of DCC estimations. 21 As regards the "fuels" group it is relevant to notice that the influence of crude oil (with reference to its past returns and its Working's T index) on other commodities and, in particular, on soybean oil, appears to be significant only after 2004, suggesting that spillovers in the mean equation happen mostly in the last period. Interestingly, we find that the conditional correlations increase in size after 2004 and that the correlations between fuels and soybean oil become significant and positive, confirming again spillover effects in recent times. Results for the "agriculture" group do not show marked differences before and after 2004. Finally, looking at the "agriculture" system enriched with the energy factor, we observe that the correlations between the energy factor and the agricultural commodities and biofuel become significant only after 2004.
These last results support once again the increasing interaction between different markets and are in line with similar results obtained adopting alternative econometric approaches (Natanelov et al. 2011 , Ciaian and Kancs 2011 , Du and McPhill 2012 .
Conclusions
The recent spike in commodities prices in 2008 has lead to claims that prices are driven by speculators. Moreover, as the rise has affected both energy and food commodities a generalized financialization of commodities futures markets has been held responsible. Another channel for the transmission of price shocks has been alleged to be the increasing relevance of biofules, which interconnect energy and food markets. However, most of the evidence in support of these hypotheses is based on descriptive statistics.
We collect data on futures prices for four energy commodities and five agricultural commodities (including a biofuel, soybean oil) over the period 1986-2010 at weekly frequency and measure financial speculation by means of the Working's T (1960) index. With this sample we aim at answering to four research questions. First, we look at the role of macroeconomic factors as possible drivers of returns of energy and agricultural commodities. Second, we consider whether financial speculation is significantly related to returns in futures markets. Third, we focus on the relationship among returns across different markets both with respect to the mean and the variance.
Moreover, we investigate if and how speculation in one market affects returns in other markets.
Descriptive evidence shows that the Working's T index has significantly increased after 2004 only in crude oil, natural gas and wheat futures markets. Additionally, the correlations with commodities returns are generally not significant.
The econometric exercise presents an univariate analysis where commodity returns are modelled according to a GARCH(1,1)-AR(1) term. Working's T index is negative or not significant: a negative sign implies that an increase in excess speculation corresponds to a decrease in returns.
This result contrasts with the claims in the literature that speculation has affected returns in a positive way (Eckaus 2008 , Masters 2008 , Soros 2008 . Among macroeconomic factors, S&P500
index is positive and significant and the exchange rate is negative and generally significant, suggesting that a depreciation of U.S. dollar increases futures prices.
To analyze spillovers between commodities and different futures markets we present results from multivariate GARCH models. We group the commodities into two subgroups, "fuels" (gasoline, heating oil, natural gas, crude oil and soybean oil) and "agriculture" (corn, oats, soybeans, wheat and soybean oil). As in the univariate case, S&P500 index is always positive and significant and the exchange rate is generally negative and significant.
Thus, as concerns our first research question, some macroeconomic variables seem to significantly affect the returns in commodities futures. With respect to our second research question, estimates suggest that speculation is generally not relevant. As for the third issue, i.e. possible spillovers across commodities, both in the mean and variance equation, we observe that lagged returns of crude oil and natural gas positively affect returns of the other energy commodities. Looking at volatilities, it is interesting to note that correlations between soybean oil and the other energy commodities and those between agricultural and energy factor present higher values around 2008,
i.e. in the peak period of prices. Negative correlations between agriculture commodities and the energy factor suggest that high (low) volatilities in the agricultural markets correspond to low (high) volatility in the energy market. Moreover, when we distinguish between time periods, we notice that mean values of dynamic conditional correlations always increase after 2004 and, in fuels markets, they even double. Finally, speculation in one market does not seem to significantly affect returns in other markets. 1986-2003 2004-2010 1986-2003 2004-2010 t-stat 1986-2003 2004-2010 1986-2003 2004-2010 1986-2003 2004-2010 Notes: t-stat is the mean test; * significant at 10% level, ** significant at 5% level, *** significant at 1% level. Notes: The error distribution is a Student's T. Standard errors in parentheses. * significant at 10% level, ** significant at 5% level, *** significant at 1% level. Corr(Soybean Oil, Energy factor)
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